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Description

[0001] The present invention relates to a compressor.
In particular, the invention relates to the inlet arrange-
ment of a centrifugal compressor such as, for example,
the compressor of a turbocharger.

[0002] A compressor comprises an impeller wheel,
carrying a plurality of blades (or vanes) mounted on a
shaft for rotation within a compressor housing. Rotation
of the impeller wheel causes gas (e.g. air) to be drawn
into the impeller wheel and delivered to an outlet chamber
or passage. In the case of a centrifugal compressor the
outlet passage is in the form of a volute defined by the
compressor housing around the impeller wheel and in
the case of an axial compressor the gas is discharged
axially.

[0003] In a conventional turbocharger the impeller
wheel is mounted to one end of a turbocharger shaft and
is rotated by an exhaust driven turbine wheel mounted
within a turbine housing at the other end of the turbo-
charger shaft. The shaft is mounted for rotation on bear-
ing assemblies housed within a bearing housing posi-
tioned between the compressor and turbine housings.
[0004] Insometurbochargersthe compressorinlethas
a structure that has become known as a "a map width
enhanced" (MWE) structure. An MWE structure is de-
scribed forinstance in US patentnumber 4, 743,161. The
inlet of such an MWE compressor comprises two coaxial
tubularinlet sections, an outer inlet section or wall forming
the compressor intake and an inner inlet section or wall
defining the compressor inducer, or main inlet. The inner
inlet section is shorter than the outer inlet section and
has an inner surface which is an extension of a surface
of aninner wall of the compressor housing which is swept
by edges of the impeller wheel blades. The arrangement
is such that an annular flow path is defined between the
two tubular inlet sections which is open at its upstream
end and which is provided with apertures at its down-
stream end which communicate with the inner surface of
the compressor housing which faces the impeller wheel.
[0005] In operation, the pressure within the annular
flow passage surrounding the compressor inducer is nor-
mally lower than atmospheric pressure and during high
gas flow and high speed operation of the impeller wheel
the pressure in the area swept by the impeller wheel is
less than that in the annular passage. Thus, under such
conditions air flows inward from the annular passage to
the impeller wheel thereby increasing the amount of air
reaching the impeller wheel, and increasing the maxi-
mum flow capacity of the compressor. However, as the
flow through the impeller wheel drops, or as the speed
of the impeller wheel drops, so the amount of air drawn
into the impeller wheel through the annular passage de-
creases until equilibrium is reached. A further drop in the
impeller wheel flow or speed results in the pressure in
the area swept by the impeller wheel increasing above
that within the annular passage and thus there is a re-
versal in the direction of air flow through the annular pas-
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sage. That is, under such conditions air flows outward
from the impeller wheel to the upstream end of the an-
nular passage and is returned to the compressor intake
for re-circulation. Increase in compressor gas flow or
speed of the impeller wheel causes the reverse to hap-
pen, i.e. a decrease in the amount of air returned to the
intake through the annular passage, followed by equilib-
rium, in turn followed by reversal of the air flow through
the annular passage so that air is drawn in to the impeller
wheel via the apertures communicating between the an-
nular passage and the impeller.

[0006] Itis well known that this arrangement stabilises
the performance of the compressor increasing the max-
imum flow capacity and improving the surge margin, i.e.
decreasing the flow at which the compressor surges. This
is known as increasing the width of the compressor
"map", which is a plot of the compressor characteristic.
All of this is well known to the skilled person.

[0007] Compressor operation is extremely unstable
under surge conditions due to large fluctuations in pres-
sure and mass flow rate through the compressor. Many
applications, such as in a turbocharger where the com-
pressor supplies air to a reciprocating engine these fluc-
tuations in mass flow rate are unacceptable. As a result
there is a continuing requirement to extend the usable
flow range of compressors by improving the surge mar-
gin.

[0008] Itis anobject of the present invention to provide
a compressor inlet structures which improves upon the
surge margin of a conventional MWE compressor.
[0009] According to the present invention there is pro-
vided a compressor for compressing a gas, the compres-
sor comprising:

a housing defining an inlet and an outlet;

an impeller wheel including a plurality of vanes ro-
tatably mounted within the housing;

the housing having an inner wall defining a surface
located in close proximity to radially outer edges of
impeller vanes which sweep across said surface as
the impeller wheel rotates about its axis;

wherein the inlet comprises:

an outer tubular wall extending away from the
impeller wheel in an upstream direction and
forming a gas intake portion of the inlet;

an inner tubular wall extending away from the
impeller wheel in an upstream direction within
the outer tubular wall and defining an inducer
portion of the inlet;

an annular gas flow passage defined between
the inner and outer tubular walls;

at least one downstream aperture communicat-
ing between a downstream portion of the annu-
lar flow passage and said surface of the housing
swept by the impeller vanes;

at least one upstream aperture communicating
between an upstream portion of the annular flow
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passage and the inducer or intake portions of
the inlet; and

a plurality of inlet guide vanes mounted within
the inducer portion of the inlet downstream of
said at least one upstream aperture to induce
pre-swirl in gas flowing through the inducer por-
tion of the inlet.

[0010] The compressor according to the present in-
vention has an improved surge margin in comparison
with a conventional MWE compressor but does not suffer
significant reduction in choke flow which is normally as-
sociated with a compressor fitted with an inlet guide vane
system.

[0011] The angle of the inlet guide vanes is preferably
between 0° and about 45° and may be fixed or variable.
[0012] Preferably the inner tubular wall extends up-
stream of said at least one downstream aperture by a
length L2 measured along its axis, where L2/D is > 0.6,
where D is a diameter of the inner tubular wall.

[0013] In addition, it is preferable that the annular gas
flow passage has a length L1 measured between its up-
stream and downstream ends which is such that L1/D is
> 0.65.

[0014] The compressor according to the present in-
vention is suited for inclusion in a turbocharger.

[0015] Other preferred and advantageous features of
the invention will be apparent from the following descrip-
tion.

[0016] A specific embodiment of the present invention
will now be described, with reference to the accompany-
ing drawings, in which:

Figure 1 is a cross-section of part of a conventional
MWE compressor;

Figure 2 is a cross-section through part of an MWE
compressorincluding a fixed inlet guide vane system
in accordance with a first embodiment of the present
invention;

Figure 3 is a front view of the inlet of the compressor
of Figure 2;

Figure 4 is an over-plot of the compressor map of a
non-MWE compressor fitted with a variable inlet
guide vane system with guide vanes set at angles
of 0° and 20° respectively;

Figure 5a is an over-plot comparing the map of a
compressor according to the embodiment of Figure
2 to the map of a non-MWE compressor fitted with
an inlet guide vane system;

Figure 5b is an over-plot of the efficiency of a com-
pressor in accordance with the embodiment of Fig-
ure 2 compared with the efficiency of a non-MWE
compressor fitted with a similar guide vane system;
Figure 6a is an over-plot comparing the map of a
compressor according to the embodiment of Figure
2 in comparison with the map of a standard MWE
compressor without inlet guide vanes;

Figure 6b is an over-plot of the efficiency of a turbo-

10

15

20

25

30

35

40

45

50

55

charger in accordance with the embodiment of Fig-
ure 2 compared with the efficiency of a conventional
MWE compressor;

Figure 7a is an over-plot comparing the map of a
compressor according to the present invention with
inlet guide vanes swept forward at 45° to the map of
a similar MWE compressor fitted with guide vanes
set at 0°;

Figure 7b is an over-plot of the efficiency of the com-
pressors having the maps illustrated in Figure 6a;
Figure 8 is a cross-section through part of a MWE
compressorincluding a variable inlet guide vane sys-
tem in accordance with a second embodiment of the
present invention;

Figure 9a is an over-plot comparing the map of a
compressor in accordance with the presentinvention
with guide vanes set at a 0° angle compared to a
standard MWE compressor; and

Figure 9b is an over-plot of the efficiency of the com-
pressors having the maps illustrated in Figure 9a.

[0017] Referring to Figure 1 the illustrated MWE com-
pressor comprises an impeller wheel 1 mounted within
a compressor housing 2 on one end of a rotating shaft
3. Theimpeller wheel 1 has a plurality of blades (or vanes)
4 each of which has an outer edge 4a intermediate a
leading edge 4b and a trailing edge 4c. The outer edges
4a of the blades 4 sweep across aninner housing surface
5 when the impeller wheel 1 rotates with the shaft 3. The
compressor housing 2 defines an outlet volute 6 sur-
rounding the impeller wheel, and an MWE inlet structure
comprising an outer tubular wall 7 extending upstream
of the impeller 1 and defining an intake 8 for gas such as
air, and an inner tubular wall 9 which extends part way
in to the intake 8 and defines the compressor inducer 10.
The inner surface of the inner wall 9 is an upstream ex-
tension of the housing wall surface 5 which is swept by
the outside edges 4a of the impeller blades 4.

[0018] An annular flow passage 11 surrounds the in-
ducer 10 between the inner and outer walls 9 and 8 re-
spectively. The flow passage 11 is open to the intake 8
at its upstream end and is closed at its downstream end
by an annular wall 12 of the housing 2. The annular pas-
sage 11 however communicates with the impeller wheel
1 via apertures 13 formed through the housing and which
communicate between a downstream portion of the an-
nular flow passage 11 and the inner surface 5 of the hous-
ing 2 which is swept by the outer edges 4a of the impeller
wheel blades 4.

[0019] The conventional MWE compressor illustrated
in Figure 1 operates as is described above in the intro-
duction to this specification. In summary, when the flow
rate through the compressor is high, air passes axially
along the annular flow path 11 towards the impeller wheel
1, flowing to the impeller wheel 1 through the apertures
13. When the flow through the compressor is low, the
direction of air flow through the annular flow passage 11
is reversed so that air passes from the impeller wheel,
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through the apertures 13, and through the annular flow
passage 11 in an upstream direction and is reintroduced
into the air intake 8 for re-circulation through the com-
pressor. This stabilises the performance of the compres-
sor improving both the compressor surge margin and
choke flow.

[0020] Referring to Figure 2, this illustrates a modifi-
cation of the conventional MWE compressor of Figure 1
in accordance with a first embodiment of the present in-
vention. Components which correspond to those of the
compressor of Figure 1 are identified by the same refer-
ence numerals as used in Figure 1. Thus, the illustrated
compressor in accordance with the present invention
comprises an impeller wheel 1 rotating within a compres-
sor housing 2, outer edges 4a of the impeller wheel
blades 4 sweeping across an inner surface 5 of the hous-
ing 2.

[0021] The outlet volute 6 is the same as that of the
conventional MWE of Figure 1, but the inlet structure is
modified in accordance with the present invention. Spe-
cifically, the inner and outer tubular housing walls 9 and
8 are extended in an upstream direction to accommodate
inclusion of an inlet guide vane system comprising a plu-
rality of guide vanes 14 extending between a central nose
cone 15 and the inner tubular wall 9. The guide vanes
14 are swept forward, relative to the rotational direction
of the impeller wheel 1, to induce pre-whirl in the air flow
to the compressor wheel. In the illustrated example, each
guide vane 14 is substantially planar having a radial lead-
ing edge 14a and an angled trailing edge 14b, and ex-
tends in a downstream direction in a plane lying at an
acute angle to a plane parallel to the axis of the impeller
wheel 1 and passing through the respective vane leading
edge 14a. This sweeping forward of the inlet guide vanes
14 can best be appreciated from Figure 3 which is a front
view of the inlet of the compressor of Figure 2. In the
particular embodiment illustrated, the inlet guide vanes
14 are swept forward at an angle of 20°.

[0022] The provision of axial inlet guide vanes is a
known expedient to extend a non-MWE compressors op-
erational range. Known guide vane systems include fixed
guide vane systems and variable guide vane systems in
which the angle at which the guide vanes are swept for-
ward can be adjusted. The pre-whirl induced by the guide
vanes at the compressor inletimproves the surge margin
ofthe compressor, i.e. reduces the flow at which the com-
pressor surges. This can be seen from Figure 4 which is
an over-plot of the map of a non-MWE compressor fitted
with a variable inlet guide vane system (not illustrated)
with the vanes set at 0° (inducing no swirl) and 20° re-
spectively.

[0023] Asis well known, the compressor map plots air
flow rate through the compressor against the pressure
ratio from the compressor inlet to outlet for a variety of
impeller rotational speeds. The left hand line of the map
represents the flow rates at which the compressor will
surge for various turbocharger speeds and is known as
the surge line. In Figure 4 the map of the compressor
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fitted with guide vanes set at 20° to induce pre-swirl is
shown in dotted line. It can clearly be seen that the flow
at which the compressor surges is reduced for all oper-
ating speeds as compared with a 0°, no pre-swirl, setting
of the vanes. However, Figure 4 also illustrates the well
known un-desirable effects of inducing pre-whirl in the
compressor inlet, namely a reduction in the compressor
pressure ratio capability (the highest point of the map)
and also a reduction in maximum air flow, known as
choke flow, as represented by the right hand line of the
map. Indeed, the reduction in choke flow generally ex-
ceeds the improvement in surge margin so that there is
an overall narrowing of the width of the compressor map.
[0024] However, the presentinventors have found that
the installation of an inlet guide vane system in an MWE
compressor can provide a further improvement in the
surge margin compared with a conventional MWE com-
pressor together with an improvement in compressor
pressure ratio capability or choke flow compared with a
non-MWE compressor fitted with similar guide vanes,
provided the guide vanes are installed within the com-
pressorinducer downstream of the point of reintroduction
of air returned from the compressor wheel into the com-
pressor intake. This is illustrated by Figures 5 and 6.
[0025] Referring first to Figure 5, this is an over-plot of
the map of the compressor of Figure 2 (shown in dotted
lines) in comparison with the map of a non-MWE com-
pressor fitted with a guide vane system corresponding
to the guide vane system of Figure 2 in which guide vanes
extend at 20° to induce pre-whirl (i.e. the map shown in
dotted lines in Figure 4). This shows that the present
invention provides a significant increase in surge margin
compared with a non-MWE compressor fitted with guide
vanes, together with an increase in both compressor
pressure ratio capability and choke flow.

[0026] Figure 5a is an over-plot of the efficiency of the
compressors having the maps plotted in Figure 5a. This
clearly shows thatthere is no significant loss in efficiency,
and even an increase in efficiency in some cases, asso-
ciated with the addition of the inlet guide vane system to
the MWE compressor.

[0027] Referring to Figure 6a, this is an over-plot of the
map of the compressor of Figure 2 (in this case shown
in solid lines) in comparison with the map of a standard
MWE compressor without inlet guide vanes (shown in
dotted lines). This illustrates that whilst addition of a fixed
guide vane system to an MWE compressor improves
surge margin at the expense of choke flow, the overall
width of the map is not substantially affected. In other
words, the reduction in choke flow, and the reduction in
pressure ratio capability, is not as marked as is the case
of a non-MWE compressor.

[0028] Figure 6b is an over-plot of the efficiency of the
compressors having the maps plotted in Figure 6a, again
showing that there is no significant loss in efficiency as-
sociated with implementation of the present invention.
[0029] Ifthe angle of the inlet guide vanesis increased,
the negative effect on the choke flow also increases. This
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illustrated by Figure 7a which is an over-plot of the map
of acompressor in accordance with the presentinvention
fitted with guide inlet vanes swept forward at a 45° angle
(shown in dotted line) in comparison with a similar MWE
compressor system fitted with inlet guide vanes set at a
0° angle (shown in solid lines). This shows significant
loss in choke flow as the amount of pre-swirl is increased.
In addition, Figure 7b which plots the efficiency of the two
compressors shows a similar reduction in efficiency.
[0030] The embodiment of the invention described in
Figure 2 is a relatively simple fixed inlet guide vane sys-
tem to demonstrate how the benefits of the present in-
vention can be obtained by minimum modification of a
conventional MWE compressor such as shown in Figure
1. Itis, however, preferred that the inlet guide vanes are
adjustable to vary the degree of pre-swirl to suit different
operating conditions to maximise the benefits of in-
creased surge margin and minimise any loss in choke
flow. An embodiment of the present invention comprising
an adjustable or variable inlet vane guide system is illus-
trated in part cross section in Figure 8.

[0031] Referringto Figure 8, theillustrated compressor
has a modular housing comprising an exducer portion
16 housing the impeller wheel 17 and defining the outlet
volute 18 and an inlet portion comprising an outer tubular
wall 19 defining the intake portion 20 of the compressor,
and an inner tubular wall 21 defining the inducer portion
22 of the compressor. In fact, the inner tubular wall 21 is
itself a two-part component including a outwardly flared
inlet cone 21 a bolted to the main part of tubular portion
21 via bolts 22. The outer tubular inlet portion 19 is
bolted ? to the exducer portion 16 of the compressor
housing and is outwardly flared at region 19a to accom-
modate a variable inlet guide vane actuating mechanism
to be described.

[0032] The inner tubular wall member 21 is secured
into the outer tubular wall member 19 via screw threaded
engagement indicated at 23. An annular flow passage is
formed around the inner wall member 21 which has three
axial portion, namely an upstream axial portion 24a, an
intermediate axial portion 24b defined through and a
downstream axial portion 24c formed within the exducer
portion 16 of the compressor housing. Apertures 25 pro-
vide communication between the annular passage 24
and an inner surface 26 of the exducer portion 16 of the
compressor housing which is swept by edges of impeller
blades 17a.

[0033] The inlet guide vane system is similar to that
illustrated in Figure 2 comprising a plurality of guide
vanes 27 extending between a central nose cone 28 and
the inner tubular wall section 21 downstream of the point
where the annular gas flow passage 24 opens into the
intake 20 of the inlet. However, in this case each inlet
vane 27 is pivotable about a stem 28 which extends ra-
dially through the inner wall member 21 so thateach vane
is pivotable about a radial axis lying adjacent the vanes
leading edge. The end of each vane stem which extends
radially from the inner wall member 21 is linked to a com-
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mon actuating ring 29 via a respective connecting arm
30. The arrangement is such that rotation of the actuating
ring about the inner wall 21 simultaneously pivots all of
the guide vanes 27 on their respective stems 28 to vary
the angle at which the guide vanes 27 are swept forward
relative to the rotational direction of the impeller wheel
17. This basic type of variable or adjustable inlet guide
vane systemis known and allows appropriate adjustment
of the degree of pre-swirl induced in the gas flowing into
the impeller.

[0034] Aside from the construction, and operation, of
the variable guide vane system, operation of the embod-
iment of Figure 8 is essentially the same as that of Figure
2 in terms of improvements to the performance of the
compressor. In fact, the inventors have found that with
the embodiments of the present invention provided with
variable inlet guide vane systems, setting the guide vane
angle to 0° provides some improvement in surge margin
in comparison with a standard MWE compressor, without
any significant reduction in choke flow. This is illustrated
by Figure 9 which is an over-plot of a compressor in ac-
cordance with the present invention with a 0° vane angle
(shown in dotted lines) in comparison with a conventional
MWE compressor as illustrated in Figure 1 (shown in
solid lines). In this instance the improvement in surge
marginis thoughttobe due atleastin partto the increased
length of the inner tubular wall (member 21 of Figure 6)
in comparison with the conventional MWE inlet arrange-
ment.

[0035] Referring again to Figures 1, 2 and 6, in each
case the annular flow passage 11/24 has an overall axial
length L1 defined between its upstream end (defmed
where the passage opens to the inlet) and its downstream
end (the axially inner most point of the passage). The
annular passage also has an axial length L2 defined be-
tween its upstream end and the axial location of the ap-
ertures 13/25, which corresponds to the axial length of
the portion of the inner tubular wall 9/21 extending up-
stream of the apertures 13/25. With the embodiments of
the present invention it can be seen that the lengths L1
and L2 are extended in comparison with the correspond-
ing dimensions of the conventional MWE turbocharger
illustrated in Figure 1. Specifically, the present inventors
have found that extending the length of the annular pas-
sage to the extent that L1/D is > 0.65 and/or L2/D is >
0.6, where D is the internal diameter of the inner tubular
wall, increases the surge margin of the compressor sig-
nificantly. In particular, the dimension L2/D is thought to
be most significant as this is the effective length of an-
nular passage 11/24 through which gas flows at surge.

[0036] It will be appreciated that the exact structure of
the compressor housing, and guide vane system, may
vary considerably from the embodiments described
above. Whatis important is that guide vanes are provided
for inducing pre-swirl in the inlet downstream from the
point at which air flow recirculated from the impeller is
reintroduced into the inlet. Accordingly, possible modifi-
cations and alternative configurations to those described
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above will be readily appreciated by the skilled person.
[0037] It will be appreciated that the inlet need not be
straight but could have one or more bends. In other
words, the inner and outer tubular walls may have por-
tions having axis that curve away from the rotational axis
of the impeller. In determining the optimum dimensions
L1/D and L2/D for such curved inlets, the respective
lengths are measured along the axis of the tubular por-
tions (which may comprise both straight and curved por-
tions). Where the diameter of the inner tubular wall varies,
the diameter D is preferably taken as the downstream
diameter of the inner tubular wall.

[0038] It will also be appreciated that the annular flow
passage defined around the inner tubular portion of the
inlet may include radially extending walls or baffles and
other design expedients known to reduce noise genera-
tion.

[0039] It will also be appreciated that compressors in
accordance with the presentinvention may have a variety
of applications. One such application is as the compres-
sor stage of a combustion engine turbocharger in which
case the compressor wheel will be mounted on one end
ofaturbocharger shaft asis knowninthe art. Accordingly,
the compressor housing may be adapted for connection
to a bearing housing in a conventional way. Other pos-
sible applications of the invention will be readily apparent
to the appropriately skilled person.

Claims

1. A compressor for compressing a gas, the compres-
sor comprising:

a housing (2) defining an inlet and an outlet (6;
18);

an impeller wheel (1;17) including a plurality of
vanes (4;17a) rotatably mounted within the
housing (2);

the housing (2) having an inner wall defining a
surface (5;26) located in close proximity to radi-
ally outer edges (4a) of impeller vanes (4) which
sweep across said surface (5;26) as the impeller
wheel (1;17) rotates about its axis;

wherein the inlet comprises:

an outer tubular wall (7;19) extending away
from the impeller wheel (1;17) in an up-
stream direction and forming a gas intake
portion (8;20) of the inlet;

an inner tubular wall (9;21) extending away
from the impeller wheel (1;17) in an up-
stream direction within the outer tubular wall
(7;19) and defining an inducer portion (10;
22) of the inlet;

an annular gas flow passage (11,24a,24b,
24c) defined between the inner and outer
tubular walls (7,9);
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at least one downstream aperture (13;25)
communicating between a downstream
portion of the annular flow passage (11; 24)
and said surface (5;26) of the housing (2)
swept by the impeller vanes (4;17a);

at least one upstream aperture communi-
cating between an upstream portion of the
annular flow passage (11;24a) and the in-
ducer or intake portions (8,10;20,22) of the
inlet; and

characterised by a plurality of inlet guide vanes
(14;27) mounted within the inducer portion (10;
22) of the inlet downstream of said at least one
upstream aperture to induce pre-swirl in gas
flowing through the inducer portion (10;22) of
the inlet.

A compressor according to claim 1, wherein the an-
nular flow passage (11;24a) is open at its upstream
end so that said at least one upstream aperture is
an annular opening defined at the upstream end of
the inner tubular wall (9;21).

A compressor according to claim 1 or claim 2, where-
in the inlet guide vanes (14;27) are supported by the
inner tubular wall (9;21).

A compressor according to claim 3, wherein the inlet
guide vanes (14;27) are each supported between
the inner tubular wall (9;21) and a central nose por-
tion (15;28) lying along the axis of the compressor.

A compressor according to any preceding claim,
wherein the guide vanes (27) are adjustable to se-
lectively vary the degree of pre-swirl induced in the
gas flowing through the inducer (22).

A compressor according to claim 5, wherein each
inlet guide vane (27) is pivotable about a radial axis
to vary the angle of the vane (27) relative to a plane
parallel to the axis of the compressor to vary the de-
gree of pre-swirl.

A compressor according to claim 6, wherein each
vane (27) is mounted on a respective radial stem
(28) which extends through the inner tubular wall
(21), and an actuator (29,30) is provided for rotating
each vane stem (28) to thereby pivot the respective
vane (27).

A compressor according to claim 7, wherein said ac-
tuator comprises an annular member (29) disposed
around the inner tubular wall (21) and connected to
each of the inlet guide vane stems (28) via a respec-
tive connecting arm (30), whereby rotational move-
ment of the annular member (29) about the inner
tubular wall (21) is transmitted to each inlet guide
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vane stem (28) to simultaneously adjust the angle
of each guide vane (27).

A compressor according to any preceding claim,
wherein said annular gas flow passage (11,24a,24b,
24c) has a length L1 measured along its axis be-
tween its upstream and downstream ends, the inner
tubular wall (9;21) extending upstream of said at
least one downstream aperture (13;25) by a length
L2 measured along its axis, and wherein L1/D is >
0.65 and/or L2/D is > 0.6, where D is a diameter of
the inner tubular wall (9;21).

A compressor according to claim 9, wherein the
lengths L1 and L2 are either entirely straight or at
least in part curved.

A compressor according to any preceding claim,
wherein the inner tubular wall (9;21) and the annular
passage are co-axial having an axis which is a con-
tinuation of the impeller wheel axis.

A compressor according to any preceding claim,
wherein the inner tubular wall (21) screws into an
annular socket defined by said outer tubular wall
(19).

A compressor according to any preceding claim,
wherein the outer tubular wall (19) is secured by bolts
or the like to an exducer portion (16) of the compres-
sor housing.

A turbocharger comprising a compressor according
to any preceding claim.

Patentanspriiche

1.

Verdichter zum Verdichten eines Gases, wobei der
Verdichter Folgendes umfasst:

ein Gehaduse (2), das einen Einlass und einen
Auslass (6; 18) definiert;

ein Schaufelrad (1; 17), das eine Vielzahl von
im Gehause (2) drehbar montierten Schaufeln
(4; 17a) umfasst;

wobei das Gehduse (2) eine innere Wand auf-
weist, die eine Flache (5; 26) definiert, die dicht
neben den in Radialrichtung verlaufenden Au-
Renkanten (4a) von Laufschaufeln (4) angeord-
net ist, die in dem Male Uber die Flache (5; 26)
streichen, wie sich das Schaufelrad (1; 17) um
seine Achse dreht;

wobei der Einlass Folgendes umfasst:

eine aulere rohrférmige Wand (7; 19), die
sich vom Schaufelrad (1; 17) aus in einer
Richtung entgegen der Strémungsrichtung
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weg erstreckt und einen Gaseintrittsoff-
nungsteil (8; 20) des Einlasses bildet;

eine innere rohrférmige Wand (9; 21), die
sich vom Schaufelrad (1; 17) aus in einer
Richtung entgegen der Strémungsrichtung
innerhalb der dulReren rohrférmigen Wand
(7; 19) weg erstreckt und einen Hauptein-
tritts6ffnungsteil (10; 22) des Einlasses de-
finiert;

einen ringférmigen Gasstromungskanal
(11; 2443, 24b, 24c), der zwischen der inne-
ren und der dulReren rohrférmigen Wand (7,
9) definiert ist;

mindestens einen stromabwarts gelegenen
Durchbruch (13; 25), der die Verbindung
zwischen einem stromabwarts gelegenen
Teil des ringférmigen Strdmungskanals
(11; 24) und der Flache (5; 26) des Gehau-
ses (2) herstellt, die von den Laufschaufeln
(4; 17a) Uberstrichen wird;

mindestens einen stromaufwarts gelege-
nen Durchbruch, der die Verbindung zwi-
schen einem stromaufwarts gelegenen Teil
des ringférmigen Strémungskanals (11;
24a) und dem Haupteintrittsdffnungsteil
oder Eintrittsoffnungsteil (8, 10; 20, 22) des
Einlasses herstellt; und

gekennzeichnet ist durch eine Vielzahl
von Eintrittsleitschaufeln (14; 27), die im
Idaupteintritts6ffnungsteil (10; 22) des Ein-
lasses stromabwarts von dem mindestens
einen stromaufwarts gelegenen Durch-
bruch montiert sind, um Gber den Hauptein-
trittsoffnungsteil (10; 22) des Einlasses in
der Gasstrémung einen Vordrall zu erzeu-
gen.

Verdichter nach Anspruch 1, beidem der ringférmige
Stréomungskanal (11; 24a) an seinem stromaufwarts
gelegenen Ende so gedffnet ist, dass mindestens
ein stromaufwarts gelegener Durchbruch ein ringfor-
miger Durchbruch ist, der am stromaufwarts gelege-
nen Ende der inneren rohrférmigen Wand (9; 21)
definiert ist.

Verdichter nach Anspruch 1 oder Anspruch 2, bei
dem die Eintrittsleitschaufeln (14; 27) durch die in-
nere rohrférmige Wand (9; 21) gelagert werden.

Verdichter nach Anspruch 3, bei dem die Eintritts-
leitschaufeln (14; 27) jeweils zwischen der inneren
rohrférmigen Wand (9; 21) und einem mittigen, 1&ngs
der Achse des Verdichters liegenden Nasenteil (15;
28) gelagert werden.

Verdichter nach einem der vorhergehenden Anspri-
che, bei dem die Leitschaufeln (27) verstellbar sind,
um den Grad des Vordralls in dem Gas, das durch
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die Haupteintrittsoffnung (22) strémt, zu variieren.

Verdichter nach Anspruch 5, bei dem jede Eintritts-
leitschaufel (27) um eine radiale Achse drehbar ist,
um fir die Variation des Grades des Vordralls den
Winkel der Schaufel (27) in Bezug auf eine parallel
zur Achse des Verdichters angeordnete Ebene zu
variieren.

Verdichter nach Anspruch 6, bei dem jede Schaufel
(27) an einem jeweiligen radialen Schaft (28) ange-
bracht ist, der sich durch die innere rohrférmige
Wand (21) erstreckt, und bei dem ein Betatigungs-
element (29, 30) fur die Drehung eines jeden Schau-
felschaftes (28) bereitgestellt wird, um dadurch die
jeweilige Schaufel (27) zu drehen.

Verdichter nach Anspruch 7, bei dem das Betati-
gungselement ein ringférmiges Element (29) um-
fasst, das um die innere rohrférmige Wand (21) her-
um angeordnet ist und mit jedem der Eintrittsleit-
schaufelschafte (28) Uber einen jeweiligen Verbin-
dungsarm (30) verbunden ist, wodurch die Drehbe-
wegung des ringférmigen Elementes (29) um die in-
nere rohrformige Wand (21) herum auf jeden Ein-
trittsleitschaufelschaft (28) Ubertragen wird, um
gleichzeitig den Winkel von jeder Leitschaufel (27)
einzustellen.

Verdichter nach einem der vorhergehenden Anspri-
che, bei dem der ringférmige Gasstromungskanal
(11; 24a, 24b, 24c) eine Lange L1 aufweist, die langs
seiner Achse zwischen seinem stromaufwarts gele-
genen Ende und seinem stromabwarts gelegenen
Ende gemessen wird, wobei sich die innere rohrfor-
mige Wand (9; 21) stromaufwarts von dem minde-
stens einen stromabwarts gelegenen Durchbruch
(13; 25) Uber eine Lange L2 erstreckt, die langs ihrer
Achse gemessen wird, wobei L1/D > 0,65 ist und/
oder L2/D > 0,6 und D der Durchmesser der inneren
rohrférmigen Wand (9; 21) ist.

Verdichter nach Anspruch 9, bei dem die Langcnab-
schnitte L1 und L2 entweder vollsténdig gerade oder
mindestens teilweise gekrimmt sind.

Verdichter nach einem der vorhergehenden Anspri-
che, bei dem die innere rohrférmige Wand (9; 21)
und der ringférmige Kanal koaxial sind und eine Ach-
se aufweisen, die eine Verldngerung der Schaufel-
radachse ist.

Verdichter nach einem der vorhergehenden Anspri-
che, bei dem die innere rohrférmige Wand (21) in
eine ringférmige Rohrmuffe geschraubt wird, die
durch die auere rohrformige Wand (19) definiertist.

Verdichter nach einem der vorhergehenden Anspri-
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14.

che, bei dem die dufRere rohrformige Wand (19)
durch Schrauben oder dergleichen an einem Aus-
tritts6ffnungsteil (16) des Verdichtergeh&uses befe-
stigt ist.

Turbolader, der einen Verdichter nach einem der
vorhergehenden Anspriche umfasst.

Revendications

1.

Compresseur pour comprimer un gaz, le compres-
seur comprenant:

un carter (2) définissant une entrée et une sortie
(6; 18);

une roue a aubage (1; 17) comprenant une plu-
ralité d’aubes (4; 17a) montées mobiles en ro-
tation a l'intérieur du carter (2);

le carter (2) comportant une paroi intérieure dé-
finissant une surface (5; 26) située a proximité
étroite des bords radialement extérieurs (4a)
des aubes deroue (4) qui balayent ladite surface
(5; 26) pendant que la roue a aubage (1; 17)
tourne autour de son axe;

dans lequel I'entrée comprend:

une paroi tubulaire extérieure (7; 19) s’éten-
dant dans la direction opposée a la roue a
aubage (1; 17) dans une direction amont et
formant une partie d’admission de gaz (8;
20) de I'entrée;

une paroi tubulaire intérieure (9; 21) s’éten-
dant dans la direction opposée a la roue a
aubage (1; 17) dans une direction amont a
l'intérieur de la paroi tubulaire extérieure (7;
19) etdéfinissant une partie de conduitd’en-
trée d’air (10; 22) de I'entrée;

un passage d’écoulement de gaz annulaire
(11; 24a, 24b, 24c) défini entre les parois
tubulaires intérieure et extérieure (7, 9);
au moins une ouverture aval (13; 25) com-
muniquant entre une partie aval du passage
d’écoulement annulaire (11; 24) et ladite
surface (5; 26) du carter (2) balayée par les
aubes de roue (4; 17a);

au moins une ouverture amont communi-
quant entre une partie amont du passage
d’écoulement annulaire (11; 24a) et les par-
ties de conduit d’entrée d’air ou d’admission
(8, 10; 20, 22) de I'entrée; et

caractérisé par une pluralité d’aubes de guida-
ge d’entrée (14; 27) montées a l'intérieur de la
partie de conduit d’entrée d’air (10; 22) de I'en-
trée en aval de ladite au moins une ouverture
amont pour induire un tourbillonnement prélimi-
naire dans le gaz s’écoulant a travers la partie
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de conduit d’entrée d’air (10; 22) de I'entrée,

Compresseur selon la revendication 1, dans lequel
le passage d’écoulement annulaire (11; 24a) est
ouvert a son extrémité amont de sorte que ladite au
moins une ouverture amont est une ouverture annu-
laire définie a I'extrémité amont de la paroi tubulaire
intérieure (9; 21).

Compresseur selon la revendication 1 ou la reven-
dication 2, danslequelles aubes de guidage d’entrée
(14; 27) sont supportées par la paroi tubulaire inté-
rieure (9; 21).

Compresseur selon la revendication 3, dans lequel
les aubes de guidage d’entrée (14; 27) sont suppor-
tées chacune entre la paroi tubulaire intérieure (9;
21) et une partie en forme de pointe centrale (15;
28) se trouvant le long de I'axe du compresseur.

Compresseur selon I'une quelconque des revendi-
cations précédentes, dans lequel les aubes de gui-
dage (27) sont réglables pour varier sélectivement
le degré de tourbillonnement préliminaire induit dans
le gaz s’écoulant a travers le conduit d’entrée d’air
(22).

Compresseur selon la revendication 5, dans lequel
chaque aube de guidage d’entrée (27) peut pivoter
autour d’'un axe radial pour varier I'angle de I'aube
(27) par rapport a un plan paralléle a I'axe du com-
presseur afin de varier le degré de tourbillonnement
préliminaire.

Compresseur selon la revendication 6, dans lequel
chaque aube (27) est montée sur une tige radiale
respective (28) quis’étend a travers la paroi tubulaire
intérieure (21), et un actionneur (29, 30) est prévu
pour faire tourner chaque tige d’aube (28) afin de
pivoter 'aube respective (27).

Compresseur selon la revendication 7, dans lequel
ledit actionneur comprend un élément annulaire (29)
disposé autour de la paroi tubulaire intérieure (21)
et raccordé a chacune des tiges d’aube de guidage
d’entrée (28) par I'intermédiaire d’'un bras de raccor-
dement respectif (30), moyennant quoi le mouve-
ment de rotation de I'élément annulaire (29) autour
de la paroi tubulaire intérieure (21) est transmis a
chaque tige d’aube de guidage d’entrée (28) pour
régler simultanémentl’angle de chaque aube de gui-
dage (27).

Compresseur selon I'une quelconque des revendi-
cations précédentes, dans lequel ledit passage
d’écoulement de gaz annulaire (11; 24a, 24b, 24c)
a une longueur L1 mesurée le long de son axe entre
ses extrémités amont et aval, la paroi tubulaire inté-
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10.

11.

12.

13.

14.

rieure (9; 21) s’étendant en amont de ladite au moins
une ouverture aval (13; 25) d’'une longueur L2 me-
surée le long de son axe, et dans lequel L1/D est >
0,65 et/ou L2/D est > 0,6, ou D est un diamétre de
la paroi tubulaire intérieure (9; 21).

Compresseur selon la revendication 9, dans lequel
les longueurs L1 et L2 sont soit entierement rectili-
gnes, soit au moins partiellement courbes.

Compresseur selon I'une quelconque des revendi-
cations précédentes, dans lequel la paroi tubulaire
intérieure (9; 21) et le passage annulaire sont
coaxiaux en ayant un axe qui est un prolongement
de I'axe de la roue a aubage.

Compresseur selon I'une quelconque des revendi-
cations précédentes, dans lequel la paroi annulaire
intérieure (21) se visse dans un manchon d’accou-
plement annulaire défini par ladite paroi tubulaire ex-
térieure (19).

Compresseur selon I'une quelconque des revendi-
cations précédentes, dans lequel la paroi tubulaire
extérieure (19) est fixée par des boulons ou analo-
gue a une partie directrice de sortie d’air (16) du car-
ter de compresseur.

Turbocompresseur comprenant un compresseur se-
lon 'une quelconque des revendications précéden-
tes.
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